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analysis was used. Results are reported as odds ratios (ORs) and 95%
conﬁdence intervals (CIs).
Results: The 250 participants had a mean age of 64.8 (SD 10.2), BMI
28.6 (5.6), and 189 (76%) were women. 90 persons (36%) reported
low knee conﬁdence. The Table shows the relationship between each
frontal plane motion measure (independent variable) and low knee
conﬁdence (dependent variable) for each regression model. Greater peak
knee varus angle during the entire stance phase and during the mid
and terminal stance subphases were each associated with low knee
conﬁdence (signiﬁcant results are bolded).
Conclusions: Higher peak knee varus angle during the stance phase
of gait was associated with low knee conﬁdence in persons with
knee OA. These results should be evaluated further in longitudinal
studies. Minimizing excessive knee varus motion during ambulation
through neuromuscular stabilization or gait training may be beneﬁcial
in potentially improving knee conﬁdence and, thereby, poor function
outcome.
Table: Relationship between knee frontal plane motion and low knee
conﬁdence, logistic regression models
Measure of frontal plane motion during gait Mean (SD) Age and gender-adjusted
OR per 1° (95% CI)
Peak knee varus angle during stance (°) 2.20 (1.29) 1.26 (1.02, 1.57)
Peak knee varus angular velocity (°/sec) 0.35 (0.18) 0.55 (0.12, 2.40)
Total knee varus-valgus range of motion (°) 10.28 (3.28) 0.96 (0.89, 1.04)
Peak knee varus angle during early stance (°) 1.03 (1.04) 1.26 (0.98, 1.63)
Peak knee varus angle during mid stance (°) 1.76 (1.44) 1.23 (1.01, 1.49)
Peak knee varus angle during terminal stance (°) 1.81 (1.16) 1.29 (1.01, 1.65)
Peak knee varus angle during pre swing (°) 0.41 (1.47) 1.11 (0.92, 1.33)
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DOES INCREASED LOADING OCCUR ON THE CONTRALATERAL SIDE
IN MEDIAL KNEE OSTEOARTHRITIS AND WHAT IMPACT DO LATERAL
WEDGE INSOLES HAVE ON THIS?
R.K. Jones1, G.J. Chapman1, A.H. Findlow1, M. Parkes2, L. Forsythe2,
D.T. Felson2. 1Univ. of Salford, Salford, United Kingdom; 2Univ. of
Manchester, Manchester, United Kingdom
Purpose: A common conservative treatment in medial knee
osteoarthritis (OA) are lateral wedge insoles which can be worn long-
term and have been shown to reduce the medial knee loading. In
persons with medial knee OA, the contralateral knee is at a high risk
of concurrent or later OA, usually also medial OA, so a reduction in
medial loading might prevent disease there. Given the lack of available
structure modifying treatments, strategies to prevent development or
progression of OA are needed. The majority of work on lateral wedge
insoles has focussed on the reduction of the external knee adduction
moment (EKAM) on the affected side. To date, there have been no reports
on what happens to the contralateral side. The study hypothesised in
addition to a decrease on the affected side, that lateral wedge insoles
would reduce medial loading on the contralateral side. The purpose of
this study was to determine what effects on joint loading lateral wedge
insoles have on the affected and contralateral sides during walking.
Methods: As part of a randomised trial of different footwear/insoles
for medial knee OA, we tested a control shoe and two lateral wedge
insoles both of which have been shown to reduce the EKAM modestly in
patients with medial knee OA. The affected side was deﬁned as the more
painful knee. Subjects underwent a 3-dimensional kinematic (Qualisys
OQUS, Gothenburg, Sweden) and kinetic (AMTI, USA) analysis whilst
walking in a control shoe and lateral wedge insoles. Walking conditions
were randomised and lateral wedge insoles were worn bilaterally so the
effects of lateral wedges could be assessed on both limbs. A minimum
of three trials were assessed in each condition and the 1st peak in the
EKAM and the knee adduction angular impulse (KAAI) were computed
for each trial for each person. The data was normally distributed and the
data is presented as the mean with changes from control shoe to lateral
wedge insole in the same limb were tested using a paired t test.
Results: We studied 36 patients with medial knee OA (mean age
59.3 years, 47% Female, mean BMI 32.4, 54% KL grade 2 and 46% KL
grade 3). Fifty ﬁve percent had a higher EKAM on their contralateral
limb in comparison with the affected limb (mean difference in EKAM
3% higher and KAAI 7% higher). When using the lateral wedge insoles,
there was a signiﬁcant reduction in EKAM on the affected side compared
with the control (mean difference in EKAM = −4.86%, t = 2.16, p = 0.038)
and a signiﬁcant reduction on the contralateral side compared to the
control (mean difference in EKAM = 10.10%, t = 4.34, p < 0.001). The
KAAI showed similar trends, with signiﬁcant reductions on the affected
side (mean difference in EKAM = −4.57%, t = 2.58, p = 0.01), and on the
contralateral side (mean change in KAAI = −10.67%, t = 4.58, p < 0.001).
Conclusions: We, like others, found modest reductions in medial knee
loading in patients with medial knee OA when treated with lateral
wedge insoles. We also demonstrate that medial loading can be reduced
substantially on the contralateral side perhaps even more than on the
affected side. Conservative management options such as lateral wedge
insoles might assist in preventing knee OA on the contralateral side
especially in the very early stages of the disease. This has implications
for individuals with severe OA and/or post-surgery when loading on the
unaffected side is likely to be higher. Future studies should identify the
longer term effects of lateral wedge insoles on the contralateral side to
determine their effectiveness following surgery.
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GAIT COMPENSATIONS IN A RAT MEDIAL MENISCUS TRANSECTION
MODEL OF OSTEOARTHRITIS
K.D. Allen, B.A. Mata, M.A. Gabr, J.L. Huebner, V.B. Kraus, L.A. Setton.
Duke Univ., Durham, NC, USA
Purpose: Knee instability due to ligament or meniscus injury is
associated with signiﬁcant risk of developing osteoarthritis (OA).
Cartilage lesions resembling those found in OA can be modeled in
the rat through surgical transection of the medial collateral ligament
(MCL) and medial meniscus (MM). This pre-clinical OA model has
documented evidence of cartilage loss, osteophyte formation, and limb
hypersensitivity. The objective of this study was to evaluate changes in
gait, synovial ﬂuid and serum biomarkers, and histopathology associated
with MCL and MM transection in the rat knee.
Methods: The right MCL (MCL sham) or the right MCL and MM (MMT)
were transected in 12 male Lewis rats (200–250g, n = 6 per group); 4 rats
that did not receive a surgery served as naïve controls. Weight bearing
(incapacitance meter) and gait were evaluated on post-operative day 9,
16, and 23. Spatiotemporal characteristics of gait were evaluated through
digitization of ﬁve high-speed videos of rats walking in an open gait
arena (200 frames per sec). Gait dynamics were characterized through
a Hall-effect force transducer (+4.9 N vertical, ±2.45 braking/propulsion,
200Hz) connected to an isolated section of ﬂoor (5 x 10 cm). At sacriﬁce,
serum and synovial ﬂuid were collected via 100 microliter lavage, and
cytokine activity was analyzed via a 10-plex assay (Bio-rad Luminex).
Knees were then processed for histological scoring using the OARSI
histopathology assessment scheme.
Results: Static weight distribution was not affected by either MCL
sham or MMT surgery; however during ambulation, the gait of MMT
rats became increasingly asymmetric. The spatiotemporal variable gait
symmetry measures the consistency of foot-strike events for a limb pair
in time; when symmetry equals 0.5, this indicates that left and right
foot-strike events are equally spaced in time. With the gait of MMT rats
becoming progressively asymmetric (being signiﬁcantly different from
a symmetric gait pattern by day 23, Fig 1, left-hand panel), our data
indicate that gait symmetry may reﬂect the progression of knee damage
due to instability in rats. MMT rats also had a percentage stance time
imbalance in their hind limbs. Percentage stance time imbalance is a
comparison of the left and right limb stance times normalized to stride
time; in balanced gait, percentage stance time imbalance should be near-
zero, indicating equal time is being spent on both limbs of a limb pair.
A percentage stance time of more than zero in MMT rats indicates that
MMT rats tend to spend more time on their contralateral limb than the
operated limb while walking (Fig. 1, right-hand panel). In general, the
gait of MCL sham animals did not signiﬁcantly vary from naïve controls.
Ground reaction forces analysis was also able to describe operated limb
compensation in rodent gait following knee instability. MMT rats had
lower peak vertical force in the operated limb relative to the contralateral
limb (Fig. 2). Moreover, peak vertical force in the MMT group tended to
be lower than MCL shams (p =0.062, not shown) and naïve controls
(p = 0.060, not shown). In addition, MMT rats had lower peak propulsive
forces relative to MCL shams (p =0.022, not shown) and naïve controls
(p = 0.014, not shown).
Cytokine concentrations in synovial ﬂuid lavage were not above the
detection limit, likely due to dilution from the 100 microliter lavage
collection method. Serum differences were also non-signiﬁcant amongst
groups.
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Conclusions: These data indicate MMT causes a subtle, but detectable,
limp in rats. While not detectable via the naked eye, high-speed video
and force-plates were able to describe gait abnormalities that associate
with MM injury and OA in the rat knee. Moreover, measures such as gait
symmetry present new and unique measures with potential to detect
the severity of cartilage loss in time.
Acknowledgments: This work was supported by NIH funding
(P01AR050245, K99AR057426).
Fig. 1. Left: gait symmetry, *p = 0.02. Right: % stance time imbalance,
p = 0.08, 0.04, 0.06 at days 9, 16, and 23, respectively.
Fig. 2. #p < 0.05.
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MUSCLE STRENGTH AND FUNCTION IN KNEE OSTEOARTHRITIS ARE
AFFECTED BY PHYSICAL ACTIVITY LEVEL
G. Hatﬁeld Murdock, C. Hubley-Kozey, W. Stanish. Dalhousie Univ.,
Halifax, NS, Canada
Purpose: There is conﬂicting evidence in the literature with respect to
the effect of physical activity on knee osteoarthritis (OA) progression.
This uncertainty is confounded by the classiﬁcation of OA as a “wear and
tear” disease based on its biomechanical etiology. While cardiovascular
beneﬁts of physical activity are well known, there is a lack of documented
evidence on beneﬁts of physical activity for those with knee OA. This
study sought to determine whether physical activity levels of those with
moderate knee OA were associated with i) periarticular muscle strength
deﬁcits and ii) altered muscle function during gait.
Methods: 58 patients with moderate knee OA (MOA) and 57
asymptomatic controls (ASY) were separated into “active” and
“sedentary” groups based on self-reported physical activity level.
Approximately 50% of subjects (both MOA and ASY) were classiﬁed as
“Active,” participating in moderate to intense physical activity at least 3
times per week. Subjects completed a series of 6 maximum voluntary
isometric contraction (MVIC) exercises on an isokinetic dynamometer for
the knee extensors, ﬂexors and plantarﬂexors. Gravity-corrected torque
was calculated for each exercise from the highest one-second steady-
state window of torque data within a contraction, and normalized to body
mass. Surface electromyograms (EMG) were recorded at 2000Hz from
lateral and medial gastrocnemius, vastus lateralis and medialis, rectus
femoris, and lateral and medial hamstrings during the exercises and
while participants walked at their self-selected speed. EMG waveforms
were time-normalized to percent of gait cycle and amplitude-normalized
to MVIC. Waveform characteristics were determined using Principal
Component Analysis (PCA). Two factor (group, activity) analysis of
variance models tested for signiﬁcant group-by-activity interactions,
and group and activity main effects for muscle strength and waveform
characteristics (PC scores).
Results: For 4 of 6 exercises (knee extension at 45 degrees, knee ﬂexion
at 55 degrees, knee ﬂexion at 15 degrees, and plantarﬂexion) signiﬁcant
torque deﬁcits (p < 0.05) were found for sedentary MOA subjects
compared to sedentary ASY subjects. However, no signiﬁcant torque
deﬁcits were found for active MOA subjects compared to ASY subjects
(active and sedentary). For the EMG data, there was a group-by-activity
interaction for PC2 for the rectus femoris, which captured prolonged
activation over stance phase. Sedentary MOA subjects had lower PC2
scores than active MOA subjects (p< 0.05), indicating prolonged rectus
femoris activation. Active MOA PC2 scores were not signiﬁcantly different
than ASY PC2 scores (regardless of activity). No other group-by-activity
interactions or activity main effects were found for the PC scores.
Conclusions: Periarticular muscle strength is associated with physical
activity level, with active MOA subjects having no strength deﬁcits
relative to ASY controls. Furthermore, prolonged rectus femoris activation
during stance in sedentary MOA subjects illustrates their need for higher
quadriceps activity, which may alter joint loading and increase the
risk of fatigue. Since decreased muscle strength (particularly quadriceps
strength) has been identiﬁed as a risk factor for knee OA progression,
hence these results support a positive beneﬁt of physical activity in
conservative management of OA beyond symptom relief and general
health beneﬁts.
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THE KNEE ROTATION MOMENT. A NEW PATHOMECHANICAL
PARADIGM IN OA?
M. Henriksen1, K.L. Bennell2, R.S. Hinman2, B.R. Metcalf2, K. Ann-
Bowles2, M.W. Creaby3. 1The Parker Inst., Copenhagen, Denmark; 2Ctr. for
Hlth., Exercise & Sports Med., Univ. of Melbourne, Melbourne, Australia;
3CoPALL, Sch. of Exercise Sci., Australian Catholic Univ., Brisbane, Australia
Purpose: It has become apparent that knee OA is, at least partly,
mechanically driven and caused by aberrations in knee biomechanics
within the context of systemic susceptibility. The fulcrum of the
biomechanical factors is joint loading during walking. The focus has
been on the external knee adduction moment (KAM). The KAM is
determinative of medial compartment joint loads and is a strong
predictor of disease progression in medial knee OA. It is therefore
speculated that reducing the KAM will result in slower OA progression,
however this has not been shown. In fact, a recent randomized trial
showed that in spite of effective KAM reduction, 1 year of laterally
wedged shoe insole use did not slow disease progression in medial
knee OA patients when compared with ﬂat control insoles. It is
thus conceivable that other moments acting on the knee may be of
similar pathomechanical importance, and may have confounded the
pathogenetic importance of KAM in this study. However this has gained
little attention so far.
The knee rotation moment (KRM) has been particularly overlooked
although it can stress knee joint structures in the transverse plane.
The menisci, ligaments and the cartilage surface may experience shear
forces as a result of the KRM. In fact, many of the structural changes
that occur in knee OA are plausible candidates of shear force related
damage. Rotational components of the knee joint kinematics have been
implicated in the initiation of knee OA. Thus, the KRM may be a causative
mechanical factor, and may serve to explain both (i) the relationship
between the KAM and disease progression, alongside (ii) the lack of
studies demonstrating that reducing the KAM slows structural disease
progression. The purpose of this cross-sectional study was to investigate
the relationship between the KRM and the KAM in a group of knee OA
patients and a group of healthy controls.
Methods: 24 patients with mild to moderately severe (Kellgren-Lawrence
2–3) medial knee OA (mean age 64 (SD 8.4)) and 24 healthy controls
(mean age 60 (SD 6.1)) were included in the study. From 3-dimensional
gait analysis during self selected walking speed, peaks in the KAM and
KRM together with KAM and KRM impulses (area under the time course
pattern of the KAM during stance) were extracted and normalized to
body weight and height. Spearman correlations were used to test the
associations between KAM and KRM.
Results: The KRM indices were signiﬁcantly positively related to the
2nd peak KAM and KAM impulse in both knee OA patients and healthy
subjects (table). The association between KRM indices and 2nd peak KAM
was the strongest. Among knee OA patients the peak KRM also correlated
with 1st peak and max peak KAM.
Conclusion: The KRM is associated with the KAM, indicating that KRM
and KAM may share mechanical features related to knee joint loads
and OA pathogenesis. However, the results also suggest that KRM and
KAM reﬂect different aspects of knee biomechanics and the KRM may
provide valuable new information regarding the pathomechanics of knee
OA. While the pathogenetic role of the max peak KAM has been shown,
